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If weak (flavor) #Z mass (energy) eigenstates...
(2-neutrino case for simplicity)

n(t=0)) :‘nm> = cosq|n,) +sing|n,)
n(t)) = cosg|n,)e "™ +singjn,)e "™ 1 ‘nm> ifm?m
PO, ®N,) =[N ®)

= sin? 29 sin?[1.27Dn? (eV 2) L(m) / E(MeV)]
with D2 © w2 - 7




First Oscillation Evidence

Setup E L Dm?2 (eV?)
Solar 3 MeV | 1.5x10M1m 2x10-11
Best: ~5x10
Atmospheric | 500 MeV-| 20-12000 5x102 —
1 GeV km 4x10
Best: ~3x10-3
LSND 30 MeV 30 m 1




Solar neutrino oscillations
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Atmospheric Neutrinos
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LSND: Evidence forNm ® ﬁe
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Too many DM’ ’s?

LEP Z° lineshape:
« N, =2.994 + 0.012 Y3 FF
Solar neutrinos:

*Dm° » 5 10°eV ?

Atmospheric neutrinos: 19
*Dm’ » 3" 10°eV? VXX

<) : >
Am3z = ﬁ-‘*??ég + Amyy

Where does LSND’s Dnm?~0.2-10 eV?
fit In this picture??



Oscillation Evidence

Evidence |Effectreal? |Is it osc?|Dm?(eV?)| Flavor
Solar: Gallex,SAGE, | SNO 5x10- N,—=>N,N
Homestake |K, Super-K (MSW) <13% n,
missing n, SNO,
(KamLAND) (n.—7?)
Atmospheric: | Super-K, (Super-K) 3x10-3 n,—=n,
Kamiokande | (K2K) <20% n,
missing n, <25% n,
LSND: appear- 0.3-1 NN,
accelerator ance
n.—n,
* Direct (kinematic) limits: m(n, ,,,) <3 eV, 0.2 MeV, 18 MeV

« WMAP: Sm_< 0.7 eV




Solar + atmospheric = a consistent picture

N;

Dm?,,~3x10 = eV ?

~5x10 > eV ?




3 active + 1 sterile CPT violation

o
z e E
g oo 2 2
8 £ — 5
“3+1” “2+2” n n
 hard to make work e level of C/;P’I‘ required
* limits on ngin solar and is < KO-KY mass limit
atmospheric: 2+2 e on the other hand, it
 short-baseline exclusion on IS a theorem...
disappearance: ~3+1
e ON to “3+2"7? e iIncompatible with

atmospheric?

Need to definitively check the LSND result.



Goal: test LSND with
5-s sensitivity over
whole allowed range
* higher statistics

°(C
°C

°(C

Ifferent signature
Ifferent backgrounds
Ifferent systematics

MiniIBooNE!

&S

——

= 3 =
e [ |
|

) '8 Gev Boosterf#
e e i

A8

o _;..,,._.{'.

“E. o Fermilab w711 >
o " __...:-4"""—'_ . | F

e
i

n ‘."u_._

e |

i'l i - f“"‘",ﬂ i
LLfTH; .} --“ I'. o

k]
|
1 i




MiniBooNE

decay pipe @, 450 m dirt detector
250r50m /25&

magnetic horn
and target

8-GeV protons on Be target =
p*, K*,..., focused by horn
decay in 50-m pipe, mostly to n,,
all but n absorbed in steel and dirt
n’s interact in 40-ft tank of mineral oill
charged particles produce light
detected by phototube array

Look for electrons produced by mostly-n_beam



Nature’s gift: a flavor-selected n beam

We want a beam of n, not n,, n,, orn, —
seems hard, but...

%@% AIJ >~
D > 2 | , Mmostly p*
~le o o]

magnetic horn

target

pt=>ntn.,99.99% of the time!

N not n,, N, or ng
...the miracle of Helicity Suppression.
(discussion of loopholes coming...)



BooNE Flux in Round Numbers: Demand

 Fiducial mass ~ 445 tons of CH,

e s(N C>M\)~ s(n.,C>eN)~4x10-38 cm?
e n flux ~10° n{ cm?/p.o.t.

 LSND oscillation probability ~ 0.002

(5-10)x104° p.o.t. mmp 500,000 n.C>nN
1,000 n,.C—->eN
(osc signal if LSND)



BooNE Flux in Round/ __ 8
Numbers: Supply =S8 :

Fermilab Booster
» 8-GeV protons
e ~7 Hz (5 Hz to BooNE) |

e 5x1012 p/pulse

(5-10)x104° p.o.t.
5 pulse/s x 5x102 p/pulse

= (2-4)x107 s ~ 1 year

but...



Booster Limitations

« Actually a 15-Hz machine, but some components
limited to lower rates.
All upgraded to at least 7 Hz.
e Radiation limits integrated flux (protons/hour).
e Booster Is lossy, and we are pushing it hard
» External (offices and people)
Shielding upgrade before run
 Internal (Booster itself)
e Current optimum: 4x1012 ppp, 2-3 Hz
A factor of ~2-3 short — it was ~20
To full intensity after August shutdown?
* A long, hard road — necessary for whole program.



As of July 4
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LSND:

nt decay at rest _>ﬁm ................ > ﬁe
n,p—>e*n
‘ L—captureonp —2.2 MeV g
E.~40 MeV
Most backgrounds have accidental neutron or low-E @
BOONE:
p* decay In flight — N > N,
n.n—ep

L E_~300 MeV
Backgrounds: beam n,
n.n —mp, mis-ID mas e
n.n —nnp°, mis-ID p° as e



Intrinsic beam background

p*>ntn, 2
» €7N.N, 5
S 103L
Kr->pPe*n, 2 |
K =2p e, ‘S" 102
-
5
Not bad, but 10
comparable to level h
of LSND signal 1
0 0.5 1 1.9 2 2l 3

£ (GeV)



Beam background tactics

Detector ¥ , Energy Spectra in MARS and GFLUKA (50m)

- Events identical to signal |

» Can'tjust Monte Carlommp | - - 2 s

We must measure them: E

p = m-=n,
* N Spectrum L
* change absorber __ -

K*, K_ = n, o e

« “Little muon counter” 005 1E (1(-356\/)2 2.5
* high-energy n,events ”
All

* HARP (CERN experiment)



Beam background tactics

p—= M= ng
* n,quasi-elastic: E,, q,,~ E,, | P spectrum from
forward p decay: E, > E, J data; the rest easy
e change to 25-m absorber:
sighal x ¥2; background x ¥4

K*, K = ng
e “Little muon counter”

25-m absorber

50-m absorber

Little Muon

decay region Counter



Beam background tactics: LMC

£ 10
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MOMENTUM OF MUONS AT 7 DEGREES

muon momentum at 7 degrees
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MiniIBoONE detector

pure mineral oll

total volume: 800 tons (6 m radius)
fiducial volume: 445 tons (5 m radius)

1280 20-cm PMTs in detector at 5.5 m radius
10% photocathode coverage
240 PMTs In veto

Phototube support structure
provides opaqgue barrier between
veto and main volumes




Oil-compatibility studies
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Detection and Reconstruction of Events

Charged particles in the mineral oil emit
Cherenkov radiation
e prompt
e in cone (q.=47.4° for b~1)
e ~ path above threshold
Scintillation light
« emission time constant ~ 18 ns  |— particle ID
e ISOtropic
» ~ Kinetic energy

In pure mineral oil, Cherenk:scint ~ 4:1



Neutrino-induced
muon candidate
Labor Day
Weekend 2002




How do we know?

63 events over
Labor Day Weekend
with:

< 6 veto tubes hit
> 200 tank tubes hit

Events/200 ns

10

Entrizs 63
Mean 3351
- ‘_ BEMS L137.

beam spill is
1.6 s wide

bl

0 2000 4000 6000 S000 10000 12000 (4000 16000 18000 20000

time with respect to trigger (ns)




@ 4500 T
(7] =

@ 00—
= L

N 3500% . e ]
E 3000

L
@ 2500
2 2_uui_

2000
1500

+
1000

5001

PSS S [

. Beam Events

T F R TR T

o TO0ETT T T T T o
’ !
E 00— u.# Beam Events _
N g R<500 cm ]
g soor- Veto < 10 Hits ~
S 400k . N
a | .
30[:# r £
200+
!
o ew .
HE s - ; L Ll VI W N | i T
2 4 6 E 12 14 16 18
Average Tank Time [ nusec]
£ P —. R —— y
§ F :
= [ R Beam Events :
™ ]{fi:— R=500 cm _
- Veto < 10 Hits -
Tank > 200 Hits
= r *
W p I:_ + y
L | | # :
| - - . 3
[RIINRUIANIE

I!Zlil 12 14 16 18
Average Tank Time [ 1 sec]

|
I-II



Pattern of hit tubes (with charge and time information)
allows reconstruction of track location and direction
and the separation of different event types.
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300 MeV (kinetic) electrons and 352.5 MeV (KE) mucns

Monte Carlo
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wreerotrits (YUIMNIPDET Of hits/time

Muon Decays f
hit times for 3 "Michel" decays % 1021
In cosmic-ray events 5F
=L
m 10

5000 7500 10000 12500

ns

L Candidate Lifetime
Fit Lifetime: 2.12 + 0.05 s

Expected mlifetime in oil: 2.13 s

with 8% m capture on carbon.

: e Known muons

it e (can reject ~92%)

PMT hit time (Ims) e Known electrons

(with a known spectrum.)

0 11 12 13 14 13 16 17 12



Electron from decay p® candidate
of neutrino-induced muon
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Time spectrum of light from Michel electrons

Michel Corrected Time

Measure, e.g., time resolution

scintillation time constant

i x10'
?ooo_— é
5 T : prompt
"800 : / (Cherenkov)
: - light
6000 — %
wonal = delayed
I = (scintillation?)
} light
2000 — J
ot 40 20 0 R T

Corrected Time (ns)



probability/(0.31 ns)

Oris it?

laser data

(no scintillation!)

Timing Distribution for Laser Events (old tubes)

I ‘r____..prompt light

- late-pulsing

_ dark noise reflections

: l scattering (tail)
- | pre-pulsing
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Timing Distribution for Laser Events (new tubes)
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Modeling “late light”

Center Loser Flask

B —— data
oL —  MC: refl, scat + data
‘ ——  MC: refl only o ¢ — MC: refl, scat,

PMT response

new PMTs only

M P B T R
=20 o} 20 40

corrected time (ns) 2840 cm, 0.057

P PR U T R TS T AR |
&0 80 100 120 140 160

...and scintillation will sit on top of this



MiniBooNE expected signal

with (5-10)x102° protons on target

~500k n,C charged current QE v. (1) Ve(KL)
events

Approximate number of misiD) 1 SR
electron neutrino-like <«
eve ntS misID 1’

- -

Intrinsic n.background: 1,500 events
(> mmis-ID background: 500 events . X

' LSND-based n, ® n,; 1,000 events ><

‘ 00 misID background: 500 events L




MiniIBooNE expected sensitivity

With ~two years of running

MiniBooNE should be able to

confirm or rule out the entire ‘g _ e

LSND signal region. g - g 90% CL Allowed
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MiniBooNE status and plan

e Current run: goal ~104%! p.o.t. forn
e accumulated ~ 10% so far
e ~2 years (with modest Booster optimism)

e Switch to Nl
« LSND was n...
o different backgrounds
 only 1/3 the interaction rate of n running
 NuMI running competes for protons
e Short test run in the Fall









Weak Interactions: conserve lepton “flavor”

W+/W\\ mnm 4 {,\\\,‘LA o
W*/\f\/\\ er+1e N, K'L\LA e
W+/\f\/\\ t?t

3




tungsten core

LMC tungsten collimator (Princeton)

and magnetic spectrometer &5
(Colorado and Princeton) |




BooNE calibration systems

'_’_,.,-"'

Muon tracker:
4 planes of scint strips —

\

Scintillator cubes:

at 7 depthS\

Laser flasks: _ —°

~isotropic, <1 ns width =
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A Michel electron energy spectrum. The solid line is the expected
spectrum, 52.8*(3-2*x)*x"2 MeV, where x=E/52.8, convolved with a
gaussian resolution factor whose width is proportional to sqrt(E). The
endpoint indicates 14.8% energy resolution.



